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This application claims priority under 35 U.S.C. § 119(e) to U.S. 
5 Provisional Patent Application Serial No. 60/479,700 entitled "Method and Apparatus 
for Performing Planar Electrochromatography at Elevated Pressure" which was filed 
on June 19, 2003, and U.S. Provisional Patent Application Serial No. 60/537,763, 
entitled "Method and Apparatus for Performing Planar Electrochromatography at 
Elevated Pressure" which was filed on January 20, 2004, both of which are expressly 
1 0 incorporated by reference herein. 

CROSS REFERENCE 

Cross reference is made to copending, commonly assigned U.S. Patent 
Application Serial No. 09/941,205 which is a continuation of U.S. Patent Application 
15 Serial No. 09/426,297, now US. Patent No. 6,303,029, both of which are hereby 
incorporated by reference. 

TECHNICAL FIELD OF THE DISCLOSURE 

The present disclosure relates generally to chromatography, and more 
20 particularly to planar electrochromatography at elevated pressure. 

BACKGROUND OF THE DISCLOSURE 

Numerous chromatography techniques have been developed which 
enable the separation of mixtures into individual chemical components. 
25 Electrochromatography is one such technique. Electrochromatography involves the 
use of an electrical potential applied across the sorbent layer. As described in 
commonly owned U.S. Patent No. 6,303,029, desirable results may be achieved by 
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performing electrochromatography at pressures greater than atmospheric pressure. 
Such a technique is referred to as Planar Electrochromatography at Elevated Pressure 
(PPEC). Planar Electrochromatography at Elevated Pressure builds on the notion that 
applying pressure to the layer prevents accumulation of liquid on the surface of the 
layer, and also allows the removal of heat from the system. This allows the use of 
higher voltages, which results in higher electric fields. This causes the mobile phase 
to migrate more rapidly, which shortens analysis time. High pressure also decreases 
the space between particles in the sorbent bed, and this increases me efficiency of the 
system. 

SUMMARY OF THE DISCLOSURE 

According to one aspect of the disclosure, there is provided an 
apparatus for performing electrochromatography. The apparatus includes a die block 
which is movable to exert a pressure greater than atmospheric pressure on a 
chromatography sample plate during performance of an electrochromatography 
procedure. 

The sample plate may be sandwiched between the movable die block 
and another die block. The other die block may be stationary or may be movable. 

The sample plate may be positioned in a plate holder. In certain 
illustrative embodiments, the plate holder includes a pair of frame members between 
which the sample plate is sandwiched. A thin cover slip may be positioned between 
the sample plate and the compression surface into which the plate is urged. A sheet of 
electrically insulating, thermally conducting material may be sandwiched between the 
plate and the compression surface into which the plate is urged. 

The movable plate may be moved by use of a fluid ram. In certain 
implementations, the fluid ram is embodied as a hydraulic fluid ram. 
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According to another aspect of the present disclosure, there is provided 
a method of performing electrochromatography. The method includes the step of 
urging a die block toward a stationary phase supported on a sample plate so as to exert 
a pressure which is greater than atmospheric pressure against the stationary phase. An 
5 electrical potential is created across the stationary phase with a first electrode and a 
second electrode so as to cause a liquid mobile phase to be advanced across the 
stationary phase. 

The sample plate may be sandwiched between the movable die block 
and anotfier die block. The other die block may be stationary or may be movable. 

10 1116 sample plate may be positioned in a plate holder. In certain 

illustrative embodiments, the plate holder includes a pair of frame members between 
which the sample plate is sandwiched. A thin cover slip may be positioned between 
the sample plate and the compression surface into which the plate is urged. A sheet of 
electrically insulating, thermally conducting material may be sandwiched between the 

15 plate and the compression surface into which the plate is urged. 

The die block may be urged by use of a fluid ram. In certain 
implementations, the fluid ram is a hydraulic ram. 



20 



BRIEF DESCRIPTION OF THE DRAWINGS 

The detailed description particularly refers to the accompanying 
figures in which: 



FIG. 1 is a perspective view of a chromatography apparatus for 
performing a planar electrochromatography at elevated pressure (PPEC) procedure; 

FIG. 2 is an enlarged fragmentary plan view of the chromatography 
25 apparatus of FIG. 1; 

FIG. 3 is an enlarged fragmentary view of the chromatography 
apparatus of FIG. 1; 
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FIG. 4 is an exploded plan view of the plate holder of the 
chromatography apparatus of FIG. 1, note that a chromatography sample plate for use 
with the chromatography apparatus of FIG. 1 is also shown; 

FIG. 5 is an exploded perspective view showing the order of assembly 
5 of the components of FIG. 4; 

FIG. 6 is an enlarged perspective view showing the chromatography 
sample plate assembled in the plate holder; 

FIG. 7 is a view similar to FIG. 2, but showing the plate holder (with 
the chromatography sample plate assembled therein) positioned between the die 
10 blocks, note that the cover slip, cathode, and the wick have been removed from the 
plate holder for clarity of description; 

FIG. 8 is a view similar to FIG. 3, but showing the plate holder (with 
the chromatography sample plate assembled therein) positioned between the die 
blocks; 

15 FIG - 9 is a diagrammatic view showing a chromatography apparatus 

configured to exert pressure on a horizontally-oriented chromatography sample plate; 

FIG. 10 is a plan view of a sample plate, after being subjected to a 
chromatographic procedure, having a number of sample spots "stacked" thereon; 

FIG. 11 is a diagrammatic view which illustrates a two-directional 
20 chromatographic procedure; 

FIG. 12 is a perspective view of another chromatography apparatus for 
performing a PPEC procedure; 

FIG. 13 is an enlarged fragmentary plan view of the chromatography 
apparatus of FIG. 12; 

25 FIG - 14 is an enlarged fragmentary view of the chromatography 

apparatus of FIG. 12 showing the plate holder (with the chromatography sample plate 
assembled therein) positioned between the die blocks; and 
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FIG. 15 is a cross sectional view of one of the die blocks showing the 
fluid channels formed therein. 

DETAILED DESCRIPTION OF THE DISCLOSURE 
5 While the concepts of ihe present disclosure are susceptible to various 

modifications and alternative forms, specific exemplary embodiments thereof have 
been shown by way of example in the drawings and will herein be described in detail. 
It should be understood, however, that there is no intent to limit the disclosure to the 
particular forms disclosed, but on the contrary, the intention is to cover all 

10 modifications, equivalents, and alternatives following within the spirit and scope of 
the invention as defined by the appended claims. 

Referring now to FIGS. 1-3, there is shown a chromatography 
apparatus 10. The chromatography apparatus 10 includes a l»/ 2 "-thick lower plate 12 
having a pair of upwardly extending support plates 14, 16 secured thereto. A number 

1 5 of struts 1 8 are secured to each of the support plates 14, 1 6. As shown in FIG. 1, the 
chromatography apparatus 10 also includes a pair of die blocks 20, 22. In the 
exemplary embodiment described herein, each of the die blocks 20, 22 has a width of 
2.5cm. The die block 20 is secured to a stationary plate 24. The plate 24 is secured to 
the support plate 14. 

20 1116 die block 22 ^ secured to a movable plate 26. The die block 22 is 

movable relative to the die block 20. In particular, the stationary plate 24 has a 
number of rods 28 extending therefrom. The movable plate 26 has a corresponding 
number of holes 30 defined therein into which the rods 28 are received. As such, the 
movable plate 26, and hence the die block 22, may slide back and forth along the rods 

25 28 in a direction toward the die block 20 (as indicated by the arrow 32 of FIG. 2) and 
in a direction away from the die block 20 (as indicated by the arrow 34 of FIG. 2). 
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Either one or both of the die blocks 20, 22 may be configured with a 
number of passages or other types of fluid lines (not shown). Such passages or other 
types of fluid lines may be defined in the die blocks 20, 22. Alternatively, such 
passages or other types of fluid lines may be embodied as separate structures 
5 positioned in contact with the die blocks 20, 22. A fluid such as a coolant may be 
advanced through such passages to cool the die blocks 20, 22 thereby enhancing the 
die blocks 20, 22 heat sink capabilities. In addition to, or in lieu of, the die blocks 20, 
22, the plates 24, 26 may also have such passages or other types of fluid lines. Use of 
a fluid (e.g., a coolant) allows a sample plate to be maintained at a desired 

10 temperature including room temperature (or temperatures above or below room 
temperature) during a procedure. As such, the fluid may be used to cool a sample 
plate or maintain the plate at a desired constant temperature. Moreover, the 
aforedescribed arrangement of fluid passages/lines in the die blocks and/or plates may 
be utilized to create a temperature gradient along the sample plate's axis of mobile 

15 phase travel. Typically, the direction of electroosmotic flow would be toward the 
colder part of the gradient. It has been suggested that the formation of such a 
temperature gradient may generate sharpened peaks during sample analysis (which 
will lead to enhanced peak resolution). It should be appreciated that the 
aforedescribed arrangement of fluid passages/lines in the die blocks 20, 22 and/or the 

20 plates 24, 26 may be utilized to circulate a heated fluid so as to heat the sample plate, 
if desired. 

As shown in FIG. 2, a thermally conducting, electrically insulating 
sheet 48 is positioned on the face of the die blocks 20, 22. The sheet 48 is a thermal 
conductor thereby allowing heat on a sample plate to be transferred to the die blocks 
25 20, 22. The sheet 48 is also an electrical insulator thereby electrically insulating the 
sample plate from the die blocks 20, 22. The sheet 48 may be constructed with a 
variety of materials having such characteristics. One material which may be utilized 
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in Ihe construction of the sheet 48 is a thin sheet of aluminum nitride ceramic. In the 
exemplary embodiment described herein, the sheet 48 is attached to the face of the die 
blocks 20, 22 with drops of mineral oil. A piece of Delrin or other material (not 
shown) may be installed on the bottom surface of the die blocks 20, 22 in a manner 
5 which forms a lip on which the bottom of the sheet 48 rests. Such a lip facilitates 
maintenance of the sheet 48 in a desired location on the face of the die blocks 20, 22. 

A fluid ram 36 is utilized to urge the movable plate 26 (and hence the 
die block 22) in the general direction of the arrow 32 (i.e., toward the stationary die 
block 20). Specifically, the fluid ram 36 includes a cylinder housing 38 having a rod 

10 40 extending therefrom. During extension of the rod 40, a rod end 42 of the rod 40 is 
urged into contact with the side of the movable plate 26 opposite to the die block 22 
thereby urging the plate 26 (and hence the die block 22) in the general direction of the 
arrow 32 of FIG. 2 (i.e., in a direction toward the stationary die block 20). In the 
exemplary embodiment described herein, the fluid ram 36 is embodied as a hydraulic 

1 5 ram, although other types of rams are contemplated. For example, the fluid ram may 
be embodied as a pneumatic ram. 

Fluid pressure (e.g., hydraulic pressure) is generated by use of a 
manual fluid pump 44. Specifically, operation of the manual fluid pump 44 generates 
fluid pressure within a fluid line 46. The fluid line 46 is coupled to an inlet of the 

20 fluid ram 36. As such, fluid pressure generated by the manual fluid pump 44 is 
exerted on the head end (not shown) of the rod 40. A pressure gauge 50 outputs the 
magnitude of the fluid pressure within the fluid line 46 to a user. A pressure relief 
valve 51 may be used to reduce the fluid pressure in the fluid line 46. A shut-off 
valve 53 is positioned between the pressure gauge 50 and the end of the fluid line 46. 

25 The shut-off valve 53 maintains fluid pressure in the fluid system once a desired 
pressure has been obtained. In other words, the shut-off valve 53 prevents pressure 
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down-drift in the fluid system. It should be appreciated that the shut-off valve 53 may 
not be used in certain designs of the chromatography apparatus 10. 

As shown in FIGS. 4-6, the chromatography apparatus 10 also includes 
a plate holder 52. The plate holder includes a pair of frame members 54, 56. The 
frame members 54, 56 may be constructed with any type of electrically insulating 
material that is resistant to the solvents used in an electrochromatography procedure. 
In the exemplary embodiment described herein, the frame members 54, 56 are 
constructed with a polymeric material. One such polymeric material is Delrin. 

The frame member 54 is substantially U-shaped wilh an opening 58 
defined in a body 60 thereof. The body 60 also has a recess 62 defined therein. The 
recess 62 is positioned around the periphery of the opening 58. As will be discussed 
herein in greater detail, a chromatography sample plate 64 is positioned in the recess 
62. The frame member 54 also includes a number of posts 66 extending outwardly 
from the body 60. As will be discussed herein in greater detail, the posts 66 are 
received into a corresponding number of alignment holes defined in the frame 
member 56 during assembly of the plate holder 52. 

Similar to the frame member 54, the frame member 56 is substantially 
U-shaped with an opening 68 defined in a body 70 thereof. The body 70 also has a 
recess 72 defined therein. The recess 72 is positioned around the periphery of the 
opening 68. The chromatography sample plate 64 is positioned in the recess 72 
during assembly of the plate holder 52. The recesses 62, 72 of the frame members 54, 
56, respectively, may have the same depth, or, may be configured to have slightly 
different depths depending on the particular design of the plate holder 52. The frame 
member 56 also includes a number of alignment holes 76 defined in the body 60 
thereof. The posts 66 of the frame member 54 are received into the alignment holes 
76 of the frame member 56 during assembly of the plate holder 52. 
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The chromatography sample plate 64 includes a support substrate 78 
such as a glass or plastic plate. The sample plate 64 also includes a chromatographic 
bed 80 (also referred to herein as a "stationary phase") disposed and adhered onto a 
front side 128 of the support substrate 78. An exemplary stationary phase 80 includes 
silica particles with bonded Ci 8 groups attached. In an exemplary implementation, the 
particle size of the silica may be in the range of about 2 micrometers to about 20 
micrometers, although particles of smaller size (e.g., < 1 micrometer) are certainly 
within the contemplated scope of the disclosure. Moreover, the thickness of the 
stationary phase 80 disposed on the surface of the substrate 78 may be in the range of 
about 5 microns to about 3 millimeters. It should be appreciated, however, that the 
thickness of the stationary phase 80 may be varied within, or even outside of, such a 
range to fit the needs of a given system design or experiment. One exemplary sample 
plate 64 is a catalog number 15389 (RP-18 F 2 5 4s plate - which is made of up of a 
chemically modified silica) which is commercially available from Merck of 
Darmstadt, Germany. The sample plate 64 may also be embodied as any one of a 
number of TLC plates such as a LiChrospher C 18 plate which is also commercially 
available from Merck. Such a sample plate may include a bed of particles with or 
without a binder, where the particles may include the types used for packing an HPLC 
column. The stationary phase may also be embodied as a monolith. 

The sample plate 64 may be one that has a sorbent layer prepared with 
a gradient in the concentration of the attached ligand groups. The concentration of 
ligand groups will increase in the direction of mobile phase flow. An example of a 
ligand is the octadecylsilyl group. The gradient will result in peak sharpening and 
better resolution if the electroosmotic flow is in the direction of increasing ligand 
concentration. The reason is that the leading edge of each spot will be moving more 
slowly (due to greater retention on the layer) than the trailing edge. 
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As shown in FIG. 4, the side edge portions 82, 84 of the sample plate 
64 are devoid of stationary phase 80. The sample plate 64 may be manufactured in 
such a configuration, or the edge portions 82, 84 may be scraped to remove the 
stationary phase therefrom. In either case, the support substrate 78 is exposed along 
5 the edge portions 82, 84. As will be described herein in greater detail, such a 
configuration allows for the sealing of the stationary phase 80 thereby preventing the 
mobile phase from flowing beyond the edges of the stationary phase 80. To facilitate 
such sealing of the mobile phase, a sealant may be applied to the side edge portions 
82, 84. The sealant may be applied in a manner which extends a short distance into 
10 the stationary phase (i.e., extends into the stationary phase 80 beyond the inner edges 
of the edge portions 82, 84), if desired. Numerous types of sealants may be used. 
Two exemplary commercially available sealants include polymer beads (an 
ethylene/vinyl acetate copolymer having a vinyl acetate content of 45%) which is 
available as catalog number 24937-78-8 from Aldrich Chemical Company of 
15 Milwaukee, Wisconsin, along with a Fast Set Epoxy (a two part resin and hardener) 
which is commercially available from Ross Products of Columbus, Ohio. Another 
exemplary commercially available sealant is President Vinylpolysiloxane (a two part 
resin and hardener) which is commercially available from Coltene A.G. of Alstatten, 
Switzerland. It should be appreciated that in certain configurations, adequate sealing 
20 of the stationary phase 80 may be achieved without the use of a sealant. 

The plate holder 52 also includes a thin cover slip 86. The cover slip 
86 may be constructed of any type of material. In the exemplary embodiment 
described herein, the cover slip 86 is constructed with 0.01" thick Teflon. The cover 
slip 86 is positioned over the front side 128 of the sample plate 64 (i.e., the side 
25 having the stationary phase 80 disposed thereon) during assembly of the plate holder 
52. In such a way, the cover slip 86 facilitates maintenance of the liquid phase within 
the stationary phase 80 during advancement of the liquid phase therethrough. 
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The cover slip 86 includes a main body 88 having a extension section 
90 extending from a lower edge thereof. The extension section 90 is configured to 
cover a lower portion 92 of the sample plate 64. In particular, as will herein be 
described in greater detail, when the sample plate 64 is positioned in the plate holder 
5 52, the lower portion 92 of the sample plate 64 extends beyond the bottom edges of 
the plate holder 52. The lower portion 92 is positioned in a reservoir of mobile phase 
during performance of a chromatographic procedure. By use of a cover slip having 
the extension section 90, liquid (i.e., mobile phase) is maintained between the front 
side 128 of the sample plate 64 (i.e., the side having the stationary phase disposed 

10 thereon) and the extension section 90. 

As shown in FIGS. 5 and 6, an electrode 94 (in the exemplary 
embodiment described herein, the cathode) is in contact with an upper portion 96 of 
the sample plate 64 when the plate is positioned in the plate holder 52. Specifically, 
during assembly of the plate holder 52, the electrode 94 is sandwiched between the 

1 5 upper portion 96 of the front side 128 of the sample plate 64 (i.e., the side having the 
stationary phase 80 disposed thereon) and the frame member 56. Note that the frame 
members 54, 56 are configured such that the cathode 94 is not subjected to the 
pressures generated by the die blocks 20, 22. As such, a spacer (not shown), which 
may be compressible, may be inserted into the plate holder 52 to exert a slight 

20 compressive load on the cathode 94 to hold the cathode 94 in a desired position. The 
cathode 94 is electrically coupled to the stationary phase 80 of the sample plate 64, 
along with the mobile phase advancing therethrough. A wick 98 is also sandwiched 
between the upper portion 96 of the front side 128 of the sample plate 64 and the 
frame member 56. The wick 98 facilitates removal of the mobile phase which has 

25 reached the upper portion 96 of the sample plate 64 by allowing such mobile phase to 
migrate up the wick. In the exemplary embodiment described herein, the wick 98 is 
embodied as a piece of filter paper or any other suitable absorbent or wicking 
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material. Other techniques or devices for removing the mobile phase may also be 
used. 

In the exemplary embodiment described herein, the cathode 94 is 
embodied as a sheet of platinum foil (0.2 mm thick) having a stainless steel or 
5 platinum wire extending therefrom. The cathode 94 is electrically coupled to a power 
source 100 (see FIG. 1) via a power line 102 which is clipped, soldered, or otherwise 
secured to the end of the cathode's wire. 

As shown in FIGS. 1 and 2, the chromatography apparatus 10 also 
includes a fluid reservoir 104. The fluid reservoir 104 includes an access opening 106 
10 into which the lower portion 92 of the sample plate 64 (along with the extension 
section 90 of the cover slip 86) extends when the plate holder 52 is positioned in its 
test position. A fluid 1 10 (e.g., mobile phase) is advanced through the access opening 
106 to fill the reservoir 104 to a desired fluid level. As shown in FIG. 3, an electrode 
112 (in the exemplary embodiment described herein, the anode) extends through a 
15 hole in a wall of the reservoir 104 and into the liquid phase 1 10 accumulated therein. 
In the exemplary embodiment described herein, the anode 112 is embodied as a 
stainless steel or platinum wire which is electrically coupled to the power source 100 
via a power line 124 clipped, soldered, or otherwise secured thereto. 

One exemplary mobile phase' 110 is 55% aqueous acetonitrile 
20 containing 50 mM acetate buffer. The concentration of this buffer, after adding the 
acetonitrile, is 25 mM in acetic acid and 25 mM in sodium acetate. The pH of the 
buffer is 4.7 before adding the acetonitrile. The components of such a mobile phase 
are commercially available. It should be appreciated that, as described in the above- 
incorporated patent (i.e., U.S. Patent No. 6,303,029), the sample plate 64 may be pre- 
25 wetted with mobile phase 110 or an aqueous solution having a buffer concentration 
that matches that of the mobile phase 110. The dipping solution may also be a mobile 
phase that does not match the latter buffer concentration. One exemplary pre-wetting 



WO 2005/000443 



-13- 



PCT/US2004/019438 



technique includes applying mobile phase (or other solution) to both the portion of the 
plate 64 located above the deposited sample spot(s) and Ihe portion of the plate 64 
located below the deposited sample spot(s), with the portion of the sample plate 64 on 
which the sample spot(s) is(are) located remaining dry. In such a technique, the same 
5 mobile phase may be applied to each portion of the plate 64, or, alternatively, a 
different mobile phase maybe applied to each portion (e.g., mobile phases having me 
same components at different concentrations or even different components). 
Alternatively, the plate 64 may be pre-wetted by dipping, spraying, or soaking the 
entire plate 64 in a solution (e.g. mobile phase). In such a case, the solution may be 
10 allowed to drain for a brief period of time (e.g., 15 seconds) in the direction of the 
long axis of the plate. Spraying may be substituted for dipping in the above 
procedures. 

By placement of the cathode 94 in electrical contact with the upper 
portion 96 of the sample plate 64, and the anode 112 in electrical contact with the 
15 lower end portion 92 of the sample plate 64, an electrical potential is created between 
the cathode 94 and the anode 112 when the power source 100 is actuated. In the 
exemplary embodiment described herein, the electrical potential generated by the 
power source 100 is in the range of 500V-10,000V, although potentials outside of this 
range are also contemplated. 

20 ^ 311 electrical potential is generated between the cathode 94 and 

the anode 112 electroosmotic flow occurs. Electroosmotic flow is explained as 
follows. The particles in the sorbent bed have a high concentration of surface silanol 
groups, and a large number of these are ionized at the pH used in PPEC. This causes 
the particles to have a negative charge, and this results in a high concentration of 

25 positive ions in the solution adjacent to the particles. These positive ions migrate 
towards the cathode 94 when an electric field is applied. This results in the bulk flow 
of liquid towards the cathode 94. 
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As discussed in the above-incorporated patent (i.e., U.S. Patent No. 
6,303,029), as the mobile phase 110 is advanced toward the cathode 94, the 
components of the sample spot deposited on the sample plate 64 partition between the 
mobile phase 110 and the stationary phase 80 based upon their differing physical and 
5 chemical characteristics. Since the components of the sample spot deposited on the 
sample plate 64 typically differ based upon, amongst other things, their polarity, 
charge, and size, the components are separated from one another as the sample plate 
64 is developed. 

Any stationary phase that is used in conventional TLC can be used in 

10 PPEC. The stationary phase for PPEC can also be a monolith. It can also consist of a 
bed of particles with or without a binder, where the particles may include the types 
used for packing an HPLC column. 

Once the sample spot is separated into its individual components, the 
resultant separated spots may be detected or visualized using known techniques. For 

15 example, subsequent to development and drying, the separated spots may be 
visualized by using a scanning or video densitometer. In addition to such an "off- 
line" technique, it should be appreciated that the separated spots may be detected "on- 
line." In particular, the mobile phase 1 10 may be advanced from the sample plate 64 
directly to a detector. In such a case, multiple detectors may be used to accommodate 

20 multiple sample spots. Such on-line analysis is particularly well suited for when a 
single sample is applied as a line across the sample plate 64 (as opposed to a series of 
spots). In such an application, a single detector could be used. This is useful for 
preparative separations. It can also be used for samples that contaminate the sample 
plate 64 since the sample plate is relatively inexpensive and may therefore be 

25 discarded. 

The chromatography apparatus 10 also includes an enclosure or 
housing 114. The housing 114 surrounds the sample during performance of a 
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chromatographic procedure. The housing 114 is generally constructed with a clear 
plastic material such as Plexiglas. The housing 114 includes an access door 116 
having a number of switches 118 associated therewith which are used to deactivate 
the power source 100 and dissipate any charge stored by the apparatus if the door 116 
is opened. The housing 1 14 has a hole (not shown) denned therein through which the 
fluid line 46 from the hand pump 44 to the fluid ram 36 extends. 

To perform a electrochromatography procedure, the sample plate 64 is 
first wetted and then installed into the plate holder 52. To do so, as shown in FIG. 5, 
the frame member 56 may be positioned on a flat surface with the surface of the frame 
member's body 70 having the holes 76 defined therein facing upwardly. The cover 
slip 86 is then positioned on the upwardly facing surface of the frame member 56. 
Note that the main body 88 of the cover slip 86 rests upon the upwardly facing surface 
of the frame member 56, with the extension section 90 of the cover slip 86 extending 
beyond the edge of the frame member 56. The wick 98 is then placed upon the edge 
portion of the cover slip 86 that is opposite to the extension section 90. The cathode 
94 is then positioned on the upwardly facing surface of the wick 98 with the cathode's 
wire extending outwardly from the wick 98 as shown in FIG. 5. 

The sample plate 64 is then positioned in the partially assembled plate 
holder 52. In particular, the front side 128 of the sample plate's support substrate 78 
(i.e., the side having the stationary phase 80 disposed thereon) is positioned on the 
cover slip 86 in a manner which allows the sample plate 64 to be positioned in the 
recess 72 of the frame member 56. Note that when positioned in the frame member 
56 in such a manner, the lower portion 92 of the sample plate 64 extends beyond the 
bottom edge of the frame member 56. 

If used, a sealant may be applied to the sample plate 64 prior to baking 
and wetting of the plate 64 into the plate holder 52. Specifically, a sealant may be 
applied to the side edge portions 82, 84 of the support substrate of the sample plate 64 
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Prior to placement of the sample plate 64 onto the cover slip 86. As described above, 
the sealant may be applied in a manner which may extend a short distance into the 
stationary phase (i.e., extends into the stationary phase 80 beyond the inner edges of 
the edge portions 82, 84). It should also be appreciated that a gasket may be used in 
lieu of a sealant. 

Once the sample plate 64 is installed, assembly of the plate holder 52 
may be completed. To do so, the frame member 54 is installed. Specifically, the 
frame member 54 is positioned in contact with the plate member 56 such that the 
posts 66 are received into the alignment holes 76 defined in the frame member 56. 
Thereafter, a number of pieces of tape 122 may be used to secure the plate holder 52 
together during movement of the plate holder to its test position. 

The assembled plate holder 52 (with the sample plate 64 secured 
therein) is then positioned between the die blocks 20, 22. Specifically, the plate 
holder 52 is advanced into the area between the die blocks 20, 22 with the frame 
member 54 facing the die block 20. The plate holder 52 is then lowered such that the 
lower portion 92 of the sample plate 64 and the extension section 90 of the cover slip 
86 are advanced through the access opening 106 of the fluid reservoir 104 so as to be 
exposed to the mobile phase 1 10 therein. In doing so, a portion of the die block 20 
(including the sheet 48 of aluminum nitride ceramic positioned on the face thereof) is 
received into the opening 58 defined in the body 60 of the frame member 54 as 
viewed in FIGS. 7 and 8. Note that in such a configuration the aluminum nitride 
ceramic sheet 48 of the die block 20 contacts the back side 130 of the sample plate 64. 

The movable plate 26 (and hence the die block 22 secured thereto) is 
then advanced toward the plate holder 52. Specifically, the plate 26 is slid along the 
rods 28 in the general direction of arrow 32 of FIG. 2. Initial advancement of the 
movable plate 26 may be performed manually (i.e., without the assistance of the fluid 
ram 36) to align the plate holder 52. In particular, the movable plate 26 may be 
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manually advanced such that the die block 22 is received into the opening 68 defined 
in the body 70 of the frame member 56. Note that when advanced through the 
opening 68, the aluminum nitride ceramic sheet 48 of the die block 22 contacts the 
cover slip 86 covering the front side 128 of the sample plate 64. 
5 Once the plate holder 52 is aligned, the electrodes 94, 112 are 

electrically coupled to the power source 100. Specifically, the end of the wire 
associated with the cathode 94 is clipped to the power line 102, and the end of the 
anode 1 12 is clipped to the power line 124. 

The die block 22 is then urged toward the sample plate 64 positioned 
10 in the plate holder 52 so as to exert a force greater than atmospheric pressure thereon. 
To do so, the user operates the manual fluid pump 44 so as to generate fluid pressure 
(e.g., hydraulic pressure) therewith. Fluid pressure generated by the manual fluid 
pump 44 is exerted on the head end (not shown) of the rod 40 of the fluid ram 36 
thereby extending the rod 40. During such extension of the rod 40, the rod end 42 of 
15 the rod 40 is urged into contact with the side of the movable plate 26 opposite to the 
die block 22 thereby urging the plate 26 (and hence the die block 22) in the general 
direction of the arrow 32 of FIG. 2 (i.e., in a direction toward the stationary die block 
20). The die block 22 engages the front side 128 of the sample plate 64 (with the 
cover sheet 86 and aluminum nitride ceramic sheet 48 sandwiched therebetween) and 
20 exerts a force thereon. As such, the back side 130 of the sample plate 64 is urged 
toward the die block 20 (with the aluminum nitride ceramic sheet 48 therebetween). 

In such a way, pressure is generated on the sample plate 64. It should 
be appreciated that the pump 44 and fluid ram 36 may be configured and/or operated 
to generate any desired pressure on the sample plate 64. m particular, as discussed in 
25 the above-incorporated patent (i.e., U.S. Patent No. 6,303,029), a pressure in the range 
of 3-90 atmospheres has been suggested for performance of a PPEC procedure. Such 
pressures are readily generated with the chromatography apparatus 10. It should be 
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appreciated that other pressure ranges may also be generated with the chromatography 
apparatus 10. For example, pressure in the range of 1.001-120 atmospheres may be 
utilized in certain test parameters or experimental designs, although substantially 
higher pressures may be used. Further, it should be appreciated that the concepts of 
the chromatography apparatus 10 described herein, either with or without some 
degree of modification, may be utilized to generate any desired test pressures limited 
only by pressure levels where the sample plate 64 becomes dysfunctional. Moreover, 
it is contemplated that the pressure exerted on the sample plate 64 may be varied 
based on the nature of a particular sample or experiment. An increase in pressure 
typically results in a diminution of electroosmotic flow. There is also a diminution in 
electrical current for a given applied voltage, and this results in less Joule heating. 
These effects can be explained by assuming that the increase in pressure causes the 
average radius of the channels between particles to be diminished. The smaller 
channels are expected to result in a higher efficiency for PPEC. The diminution in 
electroosmotic flow can be compensated for by working at a higher applied voltage. 

Once a desired test pressure is present on the sample plate, the 
electrochromatographic procedure may be commenced by actuating the power source 
100 so as to create an electrical potential between the cathode 94 and the anode 1 12, 
thereby inducing electroosmotic flow to occur. Electroosmotic flow is explained as 
follows. The particles in the sorbent bed have a high concentration of surface silanol 
groups, and a large number of these are ionized at the pH used in PPEC. This causes 
the particles to have a negative charge, and this results in a high concentration of 
positive ions in the solution adjacent to the particles. These positive ions migrate 
towards the cathode when an electric field is applied. This results in the bulk flow of 
liquid towards the cathode. The chemistry of the sorbent particles can be changed 
such that the surface of the particles has a positive charge. This will result in 
electroosmotic flow towards the anode. 



WO 2005/000443 



-19- 



PCT/US2004/019438 



During such advancement of the mobile phase 110 toward the cathode 
94, the components of the sample spot deposited on the sample plate 64 partition 
between the mobile phase 1 10 and the stationary phase 80 based upon their differing 
physical and chemical characteristics. Once the sample spot is separated into its 
5 individual components, the resultant separated spots may be detected or visualized by 
using, for example, a scanning or video densitometer. Raman spectroscopy (with 
high specificity for identification of individual compounds in the separations matrix) 
may be used for structural information. Conversely, if the chromatography apparatus 
10 is so equipped, the mobile phase 110 may be advanced from the sample plate 64 
10 directly to one or more on-line detectors. Any detector used in HPLC, including a 
mass spectrometer, could be used for this purpose. 

It may be desirable to pre-treat the sample plates 64 prior to the 
procedure. Specifically, baking or otherwise annealing the plates prior to use may 
produce enhanced results. Indeed, it has been found that higher baking temperatures 
15 (within a prescribed range) produce greater migration distances of the sample spots. 
For example, a number of the herein described LiChrospher C w plates were baked at 
various temperatures within the range of 100°C to 160°C prior to use. Higher 
temperatures, with shorter baking times, were also used and found satisfactory. It was 
observed that the higher the bake temperature, the greater the migration distance of 
20 the sample spots for a given set of experimental conditions. There is a linear 
relationship, between migration distance in PPEC and the baking temperature, for the 
LiChrospher plates baked for twenty minutes at temperatures between 100°C and 
160°C. Other types of plates may have a non-linear relationship. 

The electric current (and Joule heating) during PPEC may be reduced 
25 by pretreatment of the TLC plate. This allows PPEC to be performed at a higher 
electric field (i.e. at a higher applied voltage) than is possible without this 
pretreatment. An example of such a pretreatment is to first bake the plate in an oven 
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at 160°C for 20 minutes, to then inmter*, to ^ pk(e fa 7Q% ^ 
containing 0.01 M hydrochloric acid for five mta.es a, room temperature. Tte plate 
.a then immersed in pnre water for five minutes, and then placed in an oven at 100-C 
for five minutes. The edges of Are pl ate are men scraped and treated with sealant as 
5 described herein. It is then baited again for 20 minutes at 1WC. 

to addition to the aforedescribed structure and operation, the 
chromatography appamtus 10 may be embodied and operated in a number of 
additional manners. For example, the apparatus ,0 may be modified to include a 
reservoir similar to the reservoir 104 a. the opposite end of the sample plate 64 (i e at 
10 the top of the s.tmple plate 64 as viewed to the orientation of FIO. 8 ). to mh , oase 
toe upper portion 96 of me fton, side 128 of me sample ptate 64 (i.e., the side havtog 
me stetfonary phase 80 disposed thereon) wou.d be positioned in contact with me 
mobtle phaae contained fa such an additional reservoir much fa the same way the 
lower portion 92 of the p,ate 64 contacts the mobile phase 110 contain fa the 
.5 reservoir 104. ,n such an arrangement, me eamode may be embodied as a piece of 
stamlesa steel or platinum wire positioned in the additional reservoir. 

Aa shown fa FIO. 9, the chromatography apparatus may be embodied 
win, the samp,. phtB « mounted to , horizonM ^ 

magrammafie view of FIO. 9, only the sample plate 64 and the die blocks 20, 22 are 
20 shown with the rematatog components of the apparatus being removed for atari* of 
deacripnon. In mis arrangement, a fluid reservoir 136, 138 ia positioned on each end 
oftheplate64. The cathodemay be positioned fa one of the reservoirs ,36, 138 with 
me anode being positioned fa the other. Each „f the fluid reservoirs , 36 m ^ be 
rapidly drained through a quick drain valve 134. Note that the upper die block 22 is 
25 shown with a number of coolant passages 140 defined therein , or cooltog ^ 
block 22 during a chromatography procedure. 
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Referring now to FIGS. 12-14, there is shown another embodiment of 
the chromatography apparatus 10 (designated with reference numeral 210). Similar 
reference numerals are used in FIGS. 12-14 to designate components which are 
similar to those discussed in regard to FIGS. 1-13. The chromatography apparatus 
5 210 includes a pair of support blocks 212 having a pair of upwardly extending support 
Plates 214, 216 secured thereto. A number of struts 218 are secured to each of the 
support plates 214, 216. As shown in FIG. 12, the chromatography apparatus 210 
also includes a pair of die blocks 220, 222. In the exemplary embodiment described 
herein, each of the die blocks 220, 222 has a width of 2.5 cm. The die block 220 is 
1 0 secured to the support plate 216. 

The die block 222 is secured to a movable plate 226. The die block 
222 is movable relative to the die block 220. m particular, the support plate 2 14 has a 
number of rods 228 extending therefrom. The movable plate 226 has a corresponding 
number of holes 230 defined therein into which the rods 228 are received. As such, 
the movable plate 226, and hence the die block 222, may slide back and forth along 
the rods 228 in a direction toward the die block 220 (as indicated by the arrow 232 of 
FIG. 13) and in a direction away from the die block 220 (as indicated by the arrow 
234 of FIG. 13). 

The stationary die block 220 has a number of fluid passages 224 
formed therein (see FIG. 15). A fluid, such as a coolant (e.g., water), may be 
advanced through the passages 224 from a reservoir 225 and thereafter returned to the 
reservoir 225 to cool the die block 220 thereby enhancing the heat sink capabilities of 
the die block 220. A pump 227 may be used to advance the fluid in such a manner. 
Use of a fluid (e.g., a coolant) allows a sample plate to be maintained at a desired 
temperature including room temperature (or temperatures above or below room 
temperature) during a procedure. As such, the fluid may be used to cool a sample 
plate or maintain the plate at a desired constant temperature. Moreover, fluid 
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Phages could be utilize m fl» die block 220 to create a temperature gradient along 
the sampte plate-s axis of mobile phase fmvel. Typically, the direction of 
electtoosmotic flow is toward the colder par, of the gradient I, has been suggested 
fta, the formation of such a temperature gradient may generate sharpened peaks 
5 dunng sample analysis (which will lead to enhanced peak resolute,. It shouM be 
appreciated ma, me fluid passages 224 in me die block 220 may be utilized <o 
circulate a heated fluid so as to heat the sample plate, if desired. 

As shown in HO. J3, a thermocouple 229 extends into rhe die block 
220. The thermocouple 229 is used to sense or otherwise determine the temperature 
.0 of use die block 220. Tie thermocouple 229 is electtically coupled to a temperature 
meter 23 1 . As such, me temperarure of the die block 220 may be output to a user. 

As shown in KG. 13, a urermally conducting, electifcally insulating 
sheet 248 may be positioned on the face of the die block 220. The sheet 248 is a 
thermal conductor .hereby allowing beat on a sample plate to be transferred to fte die 
>5 b.ock 220. The sheet 248 is also an electrical insulator thereby electrically insulating 
fte sample plate from tire die block 220. The shee, 248 may be consttucted win, a 
variety of materials having such characteristics. One material which may be utilized 
in the function of me shee, 248 is a thin ahee, of aluminum nitiide ceramic, m me 
exemplary embodiment described herein, me shee, 248 is attached to me face of me 
die block 220 wim drops of miners, oil. A piece o, Dehin or other material (no, 
shown) may be insulled on me bottom surface of me die block 220 in a manner which 
forms a Up on which tire bottom of me shee, 248 rests. Such a Hp fecilitttes 
maintenance of me ahee, 248 in a desired location on ttre face of me die block 220 I, 
should be appreciated tha, in certain configurations rhe ahee, 248 may no, be used ft 
25 should also be appreciated mat a she,, 248 may be secured to the face of me die block 
222. The ahee, attached to the die b.ock 222 may he formed of other materials such 
as glass. 



20 



WO 2005/000443 



-23- 



PCT/US2004/019438 



The fluid ram 36 is utilized to urge the movable plate 226 (and hence 
the die block 222) in the general direction of the arrow 232 (i.e., toward the stationary 
die block 220). Specifically, the rod 40 of me fluid ram 36 is coupled to the movable 
plate 226 by a swivel joint 237. As such, during extension of the rod 40, the movable 
5 plate 226 (and hence the die block 222) is urged in the general direction of the arrow 
232 of FIG. 13 (i.e., in a direction toward the stationary die block 220). As with the 
apparatus 10, operation of the manual fluid pump 44 generates fluid pressure within a 
fluid line 46 thereby causing extension of the rod 40 in such a manner. 

The plate holder 52 may be used to support sample plates in the 
10 apparatus 210. Specifically, as shown in FIG. 14, the sample plate 64 may be 
positioned between the die blocks 220, 222 by use of the plate holder 52. 

As with the chromatography apparatus 10, the apparatus 210 includes 
an enclosure or housing 114. The housing 114 surrounds the sample during 
performance of a chromatographic procedure. 
15 To P erf °nn a electrochromatography procedure with the 

chromatography apparatus 210, the sample plate 64 is first wetted and then installed 
into the plate holder 52. To do so, as shown in FIG. 5, the frame member 56 may be 
positioned on a flat surface with the surface of the frame member's body 70 having 
the holes 76 defined therein facing upwardly. The cover slip 86 is then positioned on 
20 the upwardly facing surface of the frame member 56. Note that the main body 88 of 
the cover slip 86 rests upon the upwardly facing surface of the frame member 56, with 
the extension section 90 of the cover slip 86 extending beyond the edge of the frame 
member 56. The wick 98 is then placed upon the edge portion of the cover slip 86 
that is opposite to the extension section 90. Note that as shown in FIG. 14, the wick 
25 98 may be embodied in a generally rectangular-shaped configuration (i.e., without the 
arcuate-shaped upper portion). The cathode 94 is then positioned on the upwardly 
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facing surface of the wick 98 with the cathode's wire extending outwardly from the 
wick 98 as shown in FIG. 5. 

The sample plate 64 is then positioned in the partially assembled plate 
holder 52. In particular, the front side 128 of the sample plate's support substrate 78 
(i.e., the side having the stationary phase 80 disposed thereon) is positioned on the 
cover slip 86 in a manner which allows the sample plate 64 to be positioned in the 
recess 72 of the frame member 56. Note that when positioned in the frame member 
56 in such a manner, the lower portion 92 of the sample plate 64 extends beyond the 
bottom edge of the frame member 56. 

If used, a sealant may be applied to the sample plate 64 prior to baking 
and wetting of the plate 64 into the plate holder 52. Specifically, a sealant may be 
applied to the side edge portions 82, 84 of the support substrate of the sample plate 64 
prior to placement of the sample plate 64 onto the cover slip 86. As described above, 
the sealant may be applied in a manner which may extend a short distance into the 
stationary phase (i.e., extends into the stationary phase 80 beyond the inner edges of 
the edge portions 82, 84). It should also be appreciated that a gasket may be used in 
lieu of a sealant. 

Once the sample plate 64 is installed, assembly of the plate holder 52 
may be completed. To do so, the frame member 54 is installed. Specifically, the 
frame member 54 is positioned in contact with the plate member 56 such that the 
posts 66 are received into the alignment holes 76 defined in the frame member 56. 
Thereafter, a number of pieces of tape 122 may be used to secure the plate holder 52 
together during movement of the plate holder to its test position. 

The assembled plate holder 52 (with the sample plate 64 secured 
therein) is then positioned between the die blocks 220, 222. Specifically, the plate 
holder 52 is advanced into the area between the die blocks 220, 222 with the frame 
member 56 facing the die block 220. The plate holder 52 is then lowered such that 
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the lower portion 92 of the sample plate 64 and the extension section 90 of the cover 
slip 86 are advanced through the access opening 106 of the fluid reservoir 104 so as to 
be exposed to the mobile phase 110 therein. In doing so, a portion of the die block 
220 (including the sheet 48 of aluminum nitride ceramic positioned on the face 
thereof) is received into the opening 68 defined in the body 70 of the frame member 
56. Note that in such a configuration the aluminum nitride ceramic sheet 248 of the 
die block 220 contacts the cover slip 86 covering the front side 128 of the sample 
plate 64. 

The movable plate 226 (and hence the die block 222 secured thereto) is 
then advanced toward the plate holder 52. Specifically, the plate 226 is advanced 
along the rods 228 in the general direction of arrow 232 of FIG. 13 by initial 
operation of the fluid ram 36. Note that when advanced through the opening 58 of the 
frame member 54, the die block 222 (or the glass or aluminum nitride sheet secured 
thereto) contacts the back side 130 of the sample plate 64. 

Once the plate holder 52 is aligned, the electrodes 94, 112 are 
electrically coupled to the power source 100. Specifically, the end of the wire 
associated with the cathode 94 is clipped to the power line 102, and the end of the 
anode 1 12 is clipped to the power line 124. 

The die block 222 is then urged toward the sample plate 64 positioned 
in the plate holder 52 so as to exert a force greater than atmospheric pressure thereon. 
To do so, the user operates the manual fluid pump 44 so as to generate fluid pressure 
(e.g., hydraulic pressure) therewith. Fluid pressure generated by the manual fluid 
pump 44 is exerted on the head end (not shown) of the rod 40 of the fluid ram 36 
thereby extending the rod 40. During such extension of the rod 40, the rod 40 urges 
the plate 226 (and hence the die block 222) in the general direction of the arrow 232 
of FIG. 13 (i.e., in a direction toward the stationary die block 220). The die block 220 
engages the front side 128 of the sample plate 64 (with the cover sheet 86 and 
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aluminum nitride ceramic sheet 48 sandwiched therebetween) and exerts a force 



thereon. 



In such a way, pressure is generated on the sample plate 64. It should 
be appreciated that me pump 44 and fluid ram 36 may be configured and/or operated 
5 to generate any desired pressure on the sample plate 64. In particular, as discussed in 
the above-incorporated patent (i.e., U.S. Patent No. 6,303,029), a pressure in the range 
of 3-90 atmospheres has been suggested for performance of a PPEC procedure. Such 
pressures are readily generated with the chromatography apparatus 210. It should be 
appreciated that other pressure ranges may also be generated with the chromatography 
10 apparatus 210. For example, pressure in the range of 1.001-120 atmospheres may be 
utilized in certain test parameters or experimental designs, although substantially 
higher pressures may be used. Further, it should be appreciated that the concepts of 
me chromatography apparatus 210 described herein, either with or without some 
degree of modification, may be utilized to generate any desired test pressures limited 
15 only by pressure levels where the sample plate 64 becomes dysfunctional. Moreover, 
it is contemplated that the pressure exerted on the sample plate 64 may be varied 
based on the nature of a particular sample or experiment. An increase in pressure 
typically results in a diminution of electroosmotic flow. There is also a diminution in 
electrical current for a given applied voltage, and this results in less Joule heating. 
20 These effects can be explained by assuming that the increase in pressure causes the 
average radius of the channels between particles to be diminished. The smaller 
channels are expected to result in a higher efficiency for PPEC. The diminution in 
electroosmotic flow can be compensated for by working at a higher applied voltage. 

Once a desired test pressure is present on the sample plate, the 
25 electrochromatographic procedure may be commenced by actuating the power source 
100 so as to create an electrical potential between the cathode 94 and the anode 1 12, 
thereby inducing electroosmotic flow to occur. During advancement of the mobile 
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phase 110 toward the cathode 94, the components of the sample spot deposited on the 
sample plate 64 partition between the mobile phase 1 10 and the stationary phase 80 
based upon their differing physical and chemical characteristics. Once the sample 
spot is separated into its individual components, the resultant separated spots may be 
5 detected or visualized by using, for example, a scanning or video densitometer. 
Raman spectroscopy (with high specificity for identification of individual compounds 
in the separations matrix) may be used for structural information. Conversely, if the 
chromatography apparatus 10, 210 is so equipped, the mobile phase 110 may be 
advanced from the sample plate 64 directly to one more on-line detectors. Any 
10 de **orusedinHPLC,^^ 

During performance of the test procedure, the temperature of the 
sample plate 64 may be controlled by advancing fluid (e.g., water) through the 
passages 224 defined in the die block 220. For example, the sample plate 64 may be 
cooled by advancing coolant through the fluid passages 224. The output of the 
15 thermocouple 229 may be monitored to determine the temperature of the die block 
220 as displayed on the temperature meter 231. 

It should be appreciated that the chromatography apparatus 10, 210 
may be configured to accommodate sample plates of various sizes and configurations. 
For example, although the sample plate 64 described herein is shown as a 12 cm x 3.3 
20 cm plate, other configurations are contemplated. For example, a 20 cm x 20 cm 
sample plate may be utilized. To do so, the configuration of the die blocks 20, 22 
may be modified to accommodate the size and shape of the sample plate. In the case 
of use of such sample plates, numerous samples may be spotted in a side-by-side 
arrangement. In one exemplary embodiment, thhiy-eight samples may be spotted 
25 side-by-side on a 20 cm x 20 cm sample plate. 

Moreover, as shown in FIG. 10, sample spots may be "stacked" in the 
vertical direction. For example, three rows of three samples each may be arranged on 
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a single 12 cm x 3.3 cm plate. Moreover, if four samples are stacked vertically on a 
20 cm wide plate, one hundred fifty-two samples (i.e., 4 x 38 samples) may be 
simultaneously separated. When stacking samples on a sample plate, the spots may 
be deposited onto a dry sample plate. The plate is then dipped or otherwise pre- 
wetted with mobile phase, and thereafter subjected to the chromatographic procedure. 

The chromatography apparatus 10, 210 may also be utilized to perform 
two-dimensional chromatography, m such a case , a square . shaped ^ ^ ^ 
be used. To do so, sample spots are deposited on to the sample plate and developed 
under pressure as described above. The sample plate is then removed from the 
apparatus, rotated 90°, reinserted into the apparatus, and developed a second time with 
a mobile phase of a different chromatographic selectivity. 

PPEC may also be performed in the two-directional mode as illustrated 
inFIG. 11. Themobilephase is in electrical contact with the anode, and is introduced 
along a line at the center of the TLC plate. The samples are spotted on either side of 
this line and migrate towards the two cathodes as illustrated in FIG. 11. An 
alternative configuration is also possible where the mobile phase flows from the two 
sides of the plate towards the center of the plate where the mobile phase enters a 
channel. The mobile phase in the channel is in electrical contact with the cathode and 
the mobile phase entering the sides of the TLC plate is in electrical contact with the 
anode. M this configuration sample spots are placed along line close to each edge of 
the TLC plate. 

Although the chromatography apparatus 10, 210 has herein been 
described with one movable die block (i.e., the die block 22, 222) and one stationary 
4a block (i.e., the die block 20, 220), it should be appreciated that other 
configurations are contemplated. For example, both die blocks 20, 22 and 220, 222 
may be movable. 
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Although the compression surface into which the sample plate 64 is 
urged is herein exemplary described as a die block (i.e., the die block 20) which is 
similar in shape to the movable die block (i.e., the die block 22), it should be 
appreciated that any type or configuration of compression surface may be utilized. 
5 In addition to fluid rams (e.g., hydraulic or pneumatic), other devices 

may be used to move the movable plate 26, 226. For example, a worm shaft or 
ratchet mechanism driven by a manual crank or an electric motor may be used to urge 
the movable plate 26, 226 toward the sample plate 64. Moreover, an electric pump 
may be used to urge the movable plate 26, 226 toward the sample plate 64. 
10 Moreover, pressure actuators based on either a piezo-electric transducer or a linear 
electromagnetic displacement device would serve as well with respect to the PPEC 
technique. The application of these technologies may result in a more compact 
apparatus. 

Moreover, although the cathode 94 is herein described as being located 
at the top of the apparatus (as viewed in the orientation of FIGS. 8 and 14) with the 
anode 112 located at the bottom of the apparatus (as viewed in the orientation of 
FIGS. 8 and 14), other configurations are contemplated. For example, the polarity of 
the electrodes 94, 1 12 may be reversed based on a particular design of the apparatus 
or plate. In essence, if desired, the apparatus may be configured to advance the 
20 mobile phase 1 10 in any desired direction. 

The plate holder 52 may be embodied in other configurations. For 
example the plate holder may be embodied as an electrically insulated recessed 
surface defined in one of the die blocks 20, 22, 220, 222. The sample plate 64 would 
be positioned in such a recessed surface during a procedure. 

The position of the plate holder 52 may also be reversed within the 
apparatus. Specifically, in the case of the apparatus 10, the plate holder 52 may be 
positioned such that the movable die block 22 contacts the back side 130 of the 
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sample plate 64 so as to urge the front side 128 of the sample plate 64 into contact 
with the stationary die block 20. Likewise, the plate holder 52 may also be reversed 
during use with the apparatus 210. 

An apparatus may be constructed to pre-wet the sample plates. In one 
5 exemplary design of such an apparatus, solvent is forced upward through a small 
channel defined by two glass slides separated by about 1 mm. The slide assembly is 
somewhat wider than the width of the sample plate. A "fountain" of solvent, having a 
height of about 2 to 3 mm, appears at the top of the slit if the solvent is under slight 
positive pressure. This fountain will form a uniform wave across its width. Solvent 
10 will be permitted to flow away from the fountain (by gravity) to a reservoir below. It 
may then be recovered and recirculated back to a pump. In such a confiscation, the 
sample plate may be placed on a slightly inclined track in a suitable carrier. The 
surface of the sample plate will be oriented downward. The carrier slides down the 
inclined track at a constant rate over the solvent fountain under gravitational 
15 acceleration. Motion of the plate could also be accomplished by means of a 
motorized or other type of device. When properly adjusted, the sample plate's 
sorbent layer surface will pass through the top of the wave of the fountain. The 
motion of the plate carrier is configured to distribute solvent in a desired direction, 
without solvent runoff toward the edges of the plate. The rate of travel across the 
20 fountain may be controlled by the inclination of the track. 

The surface of the ram assembly that bears on the sample plate may be 
coated with a polymer or other deformable material in order to produce a more 
uniform pressure on the sample plate. In one embodiment, a non-Newtonian polymer 
having a tendency to become less viscous under greater pressure may be applied to 
25 the end of the ram's rod. During operation of the apparatus, local high pressure points 
across the sample plate will create slightly less viscous regions on the applied 
polymer film. These regions will not support a sheer stress as well as adjacent areas. 
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There will be a slight flow of polymer along the pressure gradient, thus pressure will 
be more uniformly equalized on the sample plate. 

The concepts of the present disclosure may also be utilized for 
preparative TLC. This can be performed with a 1 mm thick preparative layer 
although a thicker layer may also be contemplated. A low buffer concentration may 
be used to reduce the amount of Joule heating. 

In principal, the TLC layer may be prepared on a very thin glass 
backing or on a material such as aluminum nitride ceramic. This would allow heat to 
be removed from both sides of the sorbent layer. 

Two parallel channels, coated with insulating material, may be formed 
in the pressurized block (e.g. the die block 22). Fluid (e.g., mobile phase) may be 
delivered to the sorbent layer of the sample plate via these channels. The electrodes 
(i.e., the anode and cathode) may also be positioned in these channels. Such a design 
will allow mobile phase to be pumped through the channels and this would allow a 
1 5 mobile phase gradient to be run. 

Moreover, the mobile phase may be delivered via a tube, constructed 
of an electrically insulating material, with a slit formed therein. The anode, or a 
portion thereof, may be positioned within the tube. The bottom edge of the plate may 
be placed through this slit into the tube. This arrangement allows for liquid (e.g., 
mobile phase) to be pumped through the tube and for a solvent gradient to be 
delivered to the sorbent layer. A similar arrangement may be used for the cathode end 
of the plate, with a seal being used around the slit to prevent leakage. Such an 
arrangement may also be used with the TLC plate in a horizontal position. 

In a further modification of this arrangement, such a tube (having a slit 
formed therein) may be secured to, or formed in, each end of a polymer sheet or block 
that covers the sorbent layer. As before, the anode and the cathode may be 
positioned, respectively, in these tubes. Mobile phase is delivered to the sorbent layer 
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through the slit, travel through the sorhent layer, and exits through the slit formed in 
the other tube (i.e., the tube having the cathode). 

As such, it should be appreciated from the above discussion that the 
mobile phase may be conveyed to the plate(s) via a any of a number of different 
5 embodiments of a solvent channel. This channel may be open to the ambient 
environment or sealed depending on the orientation of the plate and the mobile phase 
relative to a vertical reference. In addition, the plate may be fabricated such that it its 
edges are immersed directly into the channel, or they are immersed in the mobile 
Phase via right-angle structures on the edges of the plate(s). Thus, separation may be 
10 achieved with numerous orientations of the plate(s). 

The plate holder 52 may be configured as a cassette. In such a way, 
this cassette may be easily loaded into and out of the apparatus 10, 210. 

PPEC may also be performed with non-aqueous mobile phases on a 
silica stationary phase, i.e. in the normal phase mode. Normal phase separations may 
be performed using an ionic liquid as a component of the mobile phase (this has been 
reported in LC/GC magazine - volume 21, page 884, 2003 - for non-aqueous 
capillary electrophoresis (CE) using l-butyl-3-methylimidazolium ionic liquid). 
PPEC may also be performed in the normal phase mode with a mobile phase 
containing a suitable concentration of water and/or other polar solvent PPEC may 
also be performed with any combination of stationary and mobile phase that is used in 
Capillary Electrochromatography (CEC). 

A TLC layer may consist of fused silica particles, quartz particles or 
glass particles or other particles having a similar surface chemistry. These particles 
may be held together by sintering or by some other technique, or may be without any 
binding. The surface of these particles will resemble the surface of the capillary tube 
used in capillary electrophoresis (CE), and it will be possible to perform PPEC in a 
manner that is analogous to CE in a planar format. This will allow for the parallel 
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separation of proteins and ofbcr n^nom,,^, md _ fa ^ ^ ^ ^ ^ ^ 
Hie preparative separations of such compounds. 

In Men of the aeaiing techniques described above, the chromatography 
apparent* '^'0 may be modified h y the addinonofcapmre grooves, me fixed and 
moveabie pte.su. piates 24, 26 to accommodate a ptoperiy si2e d O-ring. The O-ring 
materia, will be properiy fonnuiated to p^ „ 

depending on me nature of the reagents retpnteu in a particular chemica, separation 
system. 

Active tempemmreconhn. of the separation medium may be achieved 
by any o, Severn, methods ma, are inherent* adaptabte to active feedback contro, 
Tbe pttea can be heated or eoo,ed by providing passages to circmate a beat exchange 
flutd. The fluid may be activeiy heated above or cooied be,„w ambient temperature 
by an externa, hea, exchanger, the p,ates may be ptoportionafly continued by the 
combination of a ,„w temperatum hea, exchange fluid and an a„ay of resistive heatem 
on me pressure pl ates. Ws later method ^ be ^ 

Ptoportiona, tempemmre contio,. The ptessum pUtes cou,d a,so be coo,ed or heated 
by me taxation of uremto-etectiic devices ma, operate via tire Pe,tier effect hr mis 
example, i, would no, be necessaty m circulate a hea, exchange fluid. 

I« should be appreciated ma, a plate holder may be used which 
•0 accommodates a phtralny of sampIe plate , fc ^ „ ^ 

forces are transfer from one p,.te to anoflter. Moreover, in certain embodiments, a 
bea, exchange h.ocx (i.e, a b,oc k having fluid channe Is formed therein) may be 
positioned between adjacent sample plates. 

Moreover, i, shotUd also be appreciated ma, «w„ sample piates may be 
positioned bacx-te-bacK in me p,ate holder thereby aUowing bo* pUtes to be nm 
during the same cycle of me apparab,. m addition, a singie aamp.e p,ate may have 
stationary phase disposed on both sides thereof. 
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While the concepts of the present disclosure have been illustrated and 
described in detail in the drawings and foregoing description, such an illustration and 
description is to be considered as exemplary and not restrictive in character, it being 
understood that only the illustrative embodiments have been shown and described and 
that all changes and modifications that come within the spirit of the disclosure are 
desired to be protected. 

There are a plurality of advantages of the concepts of the present 
disclosure arising from the various features of the systems described herein. It will be 
noted that alternative embodiments of each of the systems of the present disclosure 
may not include all of the features described yet still benefit from at least some of the 
advantages of such features. Those of ordinary skill in the art may readily devise their 
own implementations of a system that incorporate one or more of the features of the 
present disclosure and fall within the spirit and scope of the invention as defined by 
the appended claims. 



